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SUMMARY

The AQM-37A target is a preprogrammed, high-performance, air-launched,
liquid-fueled, rocket-propelled, expendable missile target designed for launch
from many types of military aircraft. The compatibility of the AQM-37A target,
the LAU-24/A launcher, and the A-4B aircraft was evaluated. Prior to this
evaluation the target had been launched only from F-3B aircraft.

The evaluation, consisting of ground tests and flight tests, indicates that
the centerline station of the A-4B aircraft is readily converted to a very satis-
factory launch platform for the AQM-37A target, within the subsonic flight
regime at altifudes between 30, 000 and 40, 000 feet, without producing any effect
detectable by the pilots or through observation of films, upon the flight capabil-
ities or characteristics of the aircraft.
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INTRODUCTION

The AQM-37A (formerly KD2B-1) missile target is capable of simulating
high-performance aircraft. This target has been developed for the U.S. Navy
by the Beech Aircraft Corporation, Wichita, Kansas, as part of the AQM-37A
expendable powered target system.

The compatibility of the AQM-37A target, the LAU-24/A launcher, and the
A-4B aircraft has been evaluated to determine whether the centerline station of
the A-4B could be used as a launch point without danger of jeopardizing the mis-
sion or the safety of flight of either the target or the launch aircraft.

Authorization was granted by a BUWEPS letter (RM-451:1FJ), dated 21
December 1960, for Beech Aircraft Corporation to proceed with powered free
flights of the AQM-37A, as part of the flight-testing program. This letter also
delegated to the Commander, U.S. Naval Missile Center (COMNMC) the respon-
sibility for establishing operational standards and safety and range requirements,
with particular attention to be given to details which might cause malfunction
during a launch and flight.

This evaluation was performed under WEPTASK RM-4501-001/225-1/S417-
B0-03 and Problem Assignment No. RM-45-1. o)

This report is limited to a description and evaluation of preliminary checks
of mechanical fit, electrical continuity and adequacy of power supply; 4 straw-
pit launches in April and June 1963; 5 captive-target flight tests in April of 1963;
and 11 live-target launches during May through November 1963. It does not in-
clude any data obtained from strain-gauge tests or through telemetry or flight
instrumentation.

Since the A-4B is not usually considered capable of supersonic flight with
external stores, this flight regime was not investigated.

Following a description of the target, launcher, and aircraft underconsider-
ation and a listing of the test equipment used, the trial installation of the compo-
nents of the AQM-37A target system on the aircraft is described, as well as the
concurrent engineering studies of adequacy of clearances, strength, and electri-
cal and aerodynamic suitability. The exploratory ground- and flight-test phases,
as well as routine target-practice operations with missile-firing aircraft on the
Pacific Missile Range are then described and evaluated.

DESCRIPTION OF COMPONENTS

AQM-37A Target

The AQM-37A target is an air-launched, liquid-fueled, rocket-propelled
missile target designed to fly at a speed of Mach 2 at an altitude of 70,000 feet,
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and capable of simulating high-performance aircraft. It is a center-delta-wing
monoplane with fixed vertical stabilizers mounted on each wing tip. Pitch con-
trol is provided by forward canard surfaces, while guidance and control is achiev-
ed by a free gyro for roll and azimuth reference, and by an altitude sensor for
altitude and rate-of-altitude-change data. Two electrical servos, mechanically
linked to the canard and aileron surfaces, receive electrical impulses from the
guidance system, which is preprogrammed for control of the target. The target,
powered by booster- and sustainer-rocket chambers, is capable of supersonic
cruise at altitudes from 1,000 to 70,000 feet. The flight-ready target weighs 560
pounds gross. The fuselage is 162.7 inches long and 13 inches in diameter. The
delta-wing span is 39.5 inches; the vertical stabilizer is 20.0 inches in height.

LAU-24/A Target Launcher

The LAU-24/A target launcher weigha 181 pounds and is a cartridge-actuated,
forced-ejection, scissors-linkage type. Its mounting bolts were “designed to cor-
respond, in location and size, with those of the Aero 7A ejector rack assembly so
that it can replace this rack without the use of an adapter.

Figure 1 shows the shoe of the LAU-24/A launcher lowered on top of an

ACTTAN

Figure 1. LAU.24 A Launcher With Side Door Open and Swoy Brace Shoe Lowered.




AQM-37A target in a mock launch cycle position, illustrating the action of the

linkage arms and actuating piston.

A-4B Aircraft

The A-4B aircraft is a low-wing, single-jet-engine attack aircraft which is
in widespread use by the U.S. Navy and is capable of carrying a number of ex-
ternally—sgored bombs or other weapons.

TEST EQUIPMENT

The following listing indicates, by an X in the appropriate column, the
equipment used for the different tests.

Ground Tests

Flight Tests

g S ipm=al Prelimina Straw- Coptive- | Target-
renminary | pit Launches Target Launch
A-4B aircraft with T-system X X X X
wiring and power supply
AQM-37A release console in- X X X X
stalled in A-4B cockpit
LAU-24/A launcher X X X X
Electrical adapter cable X X X X
Bomb trailer--Mark 7, Mod 1, X X X X
or Aero 16B-48A combination -- with
AQM-37A cradle assembly
Voltohmmeter X
Dummy AQM-37A target X
' Lifting device to suspend air- X
craft-target combination over
straw pit
|
Cameras, tripods | X
_ — J\ S——
{‘Li\'c AQM-37A targets ‘ X X
! [
I f
| Airborne camera equipment ' X X
L !
Yarn segments for airflow studies X
Chase aircraft X Y
{ - - ——

L - - S -




PROCEDURES
Ground Tests

Prior to modifying the A-4B aircraft by the addition of an external store
which would place a drain on the aircraft's electrical system, preliminary
studies were conducted to eliminate all the known possibilities of endangering

- the safety of flight of the aircraft.

Preliminary Steps and Initial Tests

Before the A-4B aircraft was available for the compatibility evaluation, a
study was made of the A-4B wiring diagrams (shown in NAVWEPS 01-40AVA-2-
10 and revised 1 October 1961).

The study disclosed that the A-4B aircraft contained a centerline-station,
missile-release wiring circuit (known as the T system) similar to the one for
which a preliminary, compatible, AQM-37A launch system had previously been
developed for F-4B aircraft by Beech Aircraft Corporation, utilizing the LAU-
24/A launcher of the AQM-37A/F-3B system. Beech proceeded to develop one
relay box for the electrical function of the LAU-24/A launcher which could be
used with F-3B, F-4B, and A-4B aircraft. After installation of the AQM-37A
electrical adapter cable, checks of wiring continuity and DC power output were
made to test the compatibility of the A-4B T-system wiring, the LAU-24/A
launcher, the newly developed '"universal' relay box, and the AQM-37A target.

Further investigation indicated that the AQM-37A release console developed
by Beech for use in the F-4B aircraft for the centerline station should be satis-

factory for application to the same function in the A-4B aircraft with the addition
of one jumper wire. (The presence of this jumper does not in any way affect the
use of the release console in the F-4B aircraft,) Figure 2 shows the AQM-37A
release console installed in the pilot's left-hand cockpit console of the A-4B,
where the T-249 control panel had originally been installed. Figure 3 shows the
entire electrical wiring schematic from the AQM-37A target, through the LAU-
24/A launcher, the A-4B T-system wiring, and the AQM-37A release console.

Beech attached the LAU-24/A launcher directly to the centerline fuselage
station of the A-4B aircraft without an adapter, using the same attachment points
from which the standard Aero 7A ejector rack assembly had just been removed.
Figure 4 shows a live AQM-37A target on the LAU-24/A launcher beneath an
A-4B aircraft.

The following steps must be performed to convert a Fleet-configured
A-4B to an AQM-37A launch aircraft:

1. Remove the Aero 7A ejector rack assembly from the centerline station.




Figure 2. AQM-37A Release Console, Installed in Cockpit of A-4B Aircraft.

2. Install the AQM-37A electrical adapter cable between the centerline-station
end of the T-system wiring and the electrical connector in the LAU-24/A

launcher.
3. Install the LAU-24/A launcher on the centerline station.
4, Remove the T-249 control panel from the pilot's left-hand cockpit console,

5. Install the AQM-37A release console in the spot left vacant by the removal
of the T-249 control panel.

6. Install an AQM=37A target on the LAU-24/A launcher.

Two A-4B aircralt (Bu.No., 142709 and Bu.No. 142141) were convertied in
this manner to launch AQM-37A targets; cach aircraft was easily converted with-
in 1 hour by three men,

Straw-Pit Launch Tests

A dummy AQM-37TA target was launched four times into the PMR straw pit
from an LAU-24/A launcher secured to the centerline station of an A-4B aircraft
(Bu.No. 142709), The purposes of these launches were (1) to test the electrical
circuitry of the aircraft compared to the wiring diagrams, (2) to study the angle
of departure of the target from the aircraft, and (3) to note whether the 8g force
imparted to the target upon separation would have any visually detectable reaction
on the aircraft.




RELEASE CONSOLE ® T-249 POWER SLPPLY
TIME DELAY L
POWER (¢
MR
A32
. ),é(y Ia
- 3
- o 4
] PANEL LIGHTS 7 @
i | . ss®
SELECT ] LAU-24/4 HARNESS
o, v
0FF ——0——1: F O W § ] :
ETTISON J FAn )
J e e
]
Im| B
[*% hME a0P P} h
\ TITC & 1
- T-249 RELAY BOX "_J]
E
pa
gA o1~ -
|A b F
: o 1 :
@ A
. il ]
M= . e
® EVRL =
—
d L‘:_:_j 157252 )
; 1 T-249 HARNESS r_u
D N 403
o J
& = D
M H
H A
t
,\J k
L — : -
L (( té Ll 4 l\l;f'ng.,
= "'_C
LI
v CANNON CANNON
22641-2 (T|UD56: 12+ 002
l IA
CANNON Eannon
SAFETY PELEINY U(S-3-17-002
DIsagLt us A
s o e & .
T LEVFR sw MASTER ARM =
owN 2
P .
1 o on
[ L]
| = B
& &
HOMB ®FLFASE q STORES
- SHLECT % fmami T SELE 104 Sw o
\ —(/a
T Ui 0 O O o aomn akm
7 : . i :
" | 0 W lo]
1
v VY 3 »
& ==
Prtpana, -
. LS o - "
T S e T S Py e 0ny T LV
4~ 44 . .
T ] o}
. o4 A
r ¥ ! | :‘"Q o I
— | J_, i g .

S tH MENT DA LETIS O

Figure 3. AQM.37A A-4B Luunch System Electrical Wiring Schematic.




Vi g

1-249 &owt b

=}

LALNCHER CONTROL ROX ®

Leu-247a Hanngss® €0-386 marness ®

alm m a
v T L SPARE b
4 3 SPARE E
° s MEATERS y
k C BUS INDICATION 3
o 1 6 JETTISON TEST o
£ M PITOT HEAT pa
J I—T EXTERANAL POWER l
2 3 EXTERNAL POWER 2y
3 a CUTOUT RELAY ————r] |
L e & | GYRO CAGE ~————1 9
Q\O_ER — “
a CARTRIDGE vEsr——u{
‘LLs-c k
sil 1
E _gj/ 1o —joj/
d - a
. Rl b—o—a
-il -3 K-l k-2
M = —8 R 2] 2
J— af-d N GROUND 22
& D LAUNCH -a—————— &
— ¢ 3 LAUNCH B> 14
T-249 HARNESS | 4 ROUND ﬁ
N J-103 o
' 11N
° 104 a8 CUE ][4 ECJui0s [a 6 C l-102
h |8 )
A
t S— 1 " MK IHOD O
K h 5
s Te-2 TPy
T -
£ - HARQ [» 8] -
il " Jy AYPASS
. l F—”L e A
. 8
CANNON CANNON HARO SW '°'j,%‘;%‘a“°" K1,2,3 SPOT 234 28V
22641-2UOE 612002 RI - 100 OHM Sw
— — A
o
ANNON CANNON
.’.'h4|~|l(- |A u(S-3-12-002
ANCING *
Wt AR
» MR | MASTER ARM
wn
af—— oon
H ?
WOIME W ASE | Gre o XTI
MEy
3 A | LT ALMAMENT S[LECTOR Sw A
1 IRt ' |
1T OupaDY
. - 0 O 0 |ou soms arm
E ) | I P o] 3 (C) 9474 SQURCE NAYWEPS O1-40AYB 2:10 FOR & 4c.
e N __.#f ® &) Mir USED & 4 WIRING SMOWN,
(E) A UNIT OF AQM 378 LAUNCHING STOTEM,
| .
- 4
TR N e ) PR
- - . .
. T i
<
. | é) o] ,([) ‘
v &
L 41 — WARCIN oL
I = 2 N et S M)
[ ; 17 -1 1
. alld
. D AR T I, T [3

:
tem Electrical Wining Schematic.

.

—ra




I

S e

LA S

@ Figure 4. AQM-37A Target and LAU-24/A Launcher on A-4B Aircroft
Centerline Station.

Figure 5 shows the dummy target, LAU-24/A launcher, and A-4B aircralt
suspended over the PMR straw pit., This suspension was ngcessary, since the
straw pit could not accommodate the A-4B tricycle landing gear. The dummy

"AQM-37A target had the same center-of-gravity location as a live target. The
" vertical fins had been removed from the horizontal stabilizer to prevent possible

damage upon impact.

Two straw-pit launches were made to test the effectiveness of the regular
launch circuit. These launches were photographed in color by a high-speed
motion picture camera so that the target-launch angle, as seen in the film
frames, could be checked by protractor against previous acrodynamic studies.
On one occasion the jettison switch was actuated to test thc electrical compo-
nents of the emergency jettison system.

Flight Tests

After completion of all preliminary studies and ground tests, the target/
launcher/aircraft combination was considered ready for the flight-test phase of
the compatibility cvaluation. \

1
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Figure 5. A-4B Aircraft and Dummy AQM-37A Target Suspended Over PMR Straw Pit.

Captive-Target Flight Tests

Two pilots made a total of five captive-target flights with an A-4B (Bu. No.
142709) carrying an AQM-37A target and an LAU-24/A launcher secured to the
centerline station. The purposes of these captive-target flights were (1) to
check the effect of the presence of the target on the taxi, take-off, climb, cruise,
and landing characteristics of the aircraft, (2) to check, through a wide variety
of maneuvers, whether the installation was free from objectionable vibration
and had sufficient mechanical strength, and (3) to check for the presence of any
upward airflow around the canard area of the target. v

The airflow around the target nose was recorded by a wing pod camera
photographing rows of yarn tufts which had been attached to the flank of the tar-
get confronting the camera, in various planes through the target axis, so that
upward or downward flow of air in the area of the target canards would be in-
dicated by the position taken by the free end of these tufts., Excessive fluttering
of these yarn tufts would indicate air turbulence which would cause undesirable

target vibration.

The judgment of the pilots was the only evidence deemed necessary to
indicate any change in the flying and handling characteristics of the aircraft.




Extreme maneuvers were performed most frequently during descent and
prior to high-Q runs. A -1g pushover, a +4g pullup, maximum sideslip, and
rapid rates of roll were produced. Nearly-vertical banks were flown, as well
as roll rates of hp to 200 degrees per second, according to telemetered infor-
mation.

In order to check the operation of position and acceleration sensors and
related servo-mechanisms of the target, an antenna was installed at the lower
surface of the target to transmit, on a monitored telemetry channel, the follow-
ing information:

1. Responsés from longitudinal and vertical accelerometers in the target.

2. Signals from gravity-directed gyro in the target.
3. Reactions of pitch and yaw axis gyros of the target.
4, Dynamic pressure at the tip of the target's nose-cone as sensed by an aero

head pitot transducer.

Figure 6 is a close-up photograph of the target, launcher, and aircraft
showing all the clearances of the target used for the captive-flight tests.

Figure 6. AQM.37A Target for Cupnvc-F.hgh! Tests Installed on A-4B Aircroft, Showing Clcmuncr:s.Eg

&
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Target-Launch Flight Tests

Two different pilots successfully launched a total of three AQM-37A targets
from A-4B aircraft (Bu. No. 142709 and Bu. No, 142141),* The maximum altitude
of launch was 37, 000 feet and the maximum speed was 0.90 IMN (indicated Mach
number). The primary mission of these flights was the regularly scheduled
launch of AQM-37A targets as part of the contractor's research and development
program; however, a secondary mission was the testing of the compatibility of
the A-4B aircraft, the LAU-24/A launcher, and the AQM-37A target.

These launches were photographed by motion picture cameras. All three
launches were photographed from the chase aircraft. In addition, one launch
was also photographed from an adjacent wing-pod camera. ‘

RESULTS AND DISCUSSION

The following g¢valuation is based upon the previously described studies of
wiring diagrams, photographs, and films, as well as upon verbal reports and
conferences.

Ground Tests

Preliminary Steps and Initial Tests -

.The ground continuity checks indicated that the combination of the modified
F-4B/AQM-37A release console, the A-4B T-system wiring and power supply,
the LAU-24/A launcher with the newly developed "universal" relay box, and the
Beech-designed A-4B electrical adapter cable were in every way electrically
compatible and would furnish the AQM-37A target with all the power necessary
for warm-up, prelaunch, and launch-command operations.

Straw-Pit Launch Tests

Visual observations and study of the films made of the four straw-pit
launches (two on 12 April 1963 and two on 6 June 1963) confirmed the proper
operation of that portion of the electrical system concerned with launching, and
proved that the same setting of the scissors arms.of the LAU-24/A launcher
used for the F-3B aircraft resulted in the proper amount of target nose-down
attitude for apparent satisfactory separation.

It was concluded from these tests that this aircraft/lahncher/target
combination was ready for captive-target flight tests.
o
. =]
*As of 6 January 1964, a total of 18 AQM-37A targets have been successfully

launched from A-4B aircraft,
W
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Flight Tests

Captive-Target Flight Tests @

None of the testing pilots could detect any difference in the taxi, climb,
cruise, maneuverability, or landing characteristics of the A-4B aircraft result-
ing from the presence of the attached launcher and target.

Study of the five films made during the captive-target flight tests showed
that the airflow around the target ahead of its center of gravity always had a
slightly downward or almost zero vertical component, and that the tufts did not
flutter except directly after takeoff of the a1rcraft before the airflow pattern

had stabilized.

Accordingly, it was indicated that no aerodynamic net reaction existed
which would tend to force the nose of the target upward at the moment of launch,

" and that the ambient air was free from turbulence which might cause launch ir-

regularltles

The angles assumed by" the tufts indicated that the nose ccne of the targét
received a slight downward force and that, particularly at that portion of the
target directly ahead of the launcher juncture, a pronounced downward compo-
nent of flow existed, as might be expected due to splitting of the air at the lead-
ing edge of the launcher..

.

Successful completion of extreme aerial maneuvers demonstrated that the
installation had adequate mechanical strength and was free from vibration.
Study of the telemetry records of position and adceleration sensors and related
servo-mechanisms of the target showed normal action of these components
during captive-target flights, and thus indicated proper operating condltlons for
the target.

Since the results of all captive-target flight tests were satisfactory, it was
decided that the aircraft/launcher/target combination could be cleared for tar-
get-launch flight tests.

Target-Launch Flight Tests

The film data of the target-léunch tests indicate that the vertical separation
of the target from the aircraft ,under the accelerative force of the launcher is
very rapid, even though the target commences to assume a horizontal attitude at
about one-aircraft-length below the launch aircraft (figure 7). This correction
in horizontal attitude is due to the relative airflow acting upon the target's
horizontal stabilizer, which is a highly swept-back delta wing. Vertical mo-
mentum of the target driveés it far below the launch aircraft. During the period
when the aircraft can be used as a visual reference in the films, the target does
not appear to have moved behind the launch aircraft; in fact the target initially

15
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(a) A-4B Aircraft Carrying Target.

(b) AQOM-37A Target Launched From A-413 Aircraft,

(0 AQM-3TA Tarvet in Free Flight, e

Figure 7. Lounching of AQM-37A Torget From A-4B Aircrofs,
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tends to fly forward slightly faster than the launch vehicle as a result of the
horizontal component of thrust imparted by the launcher.

The canard surfaces of the target are initially locked at an angle of -0.5
degree and are not released for gyro pitch control until about 2 seconds after
launch, by which time the target is about 100 feet below the launch aircraft.
Rocket ignition occurs 2.5 seconds following launch, and it requires at least 1
additional second to develop full thrust (3.5 seconds after launch). Before its
rockets begin to accelerate the target rapidly away, the target is about 250 feet
below the launch aircraft,

The speed of the vertical separation of the target from the aircraft is illus-
trated by the following measurements (within the limitations of metric-radar
accuracy) made during a launch of an AQM-37A target from an A-4B aircraft
(Bu.No. 142709) flying at an altitude of 35, 000 feet and at a speed of 0.80 IMN.

ko ®
TIME AFTER LAUNCH, ALTITUDE OF TARGET,
SECONDS FEET BELOW LAUNCH AIRCRAFT*

0
20
85

185
290
390
485
570
590
530
10 : 420°

Films of the target launchings indicate that the nose-down attitude of the
target was satisfactory for separation and that no difficulty was experienced by
the gyro control in establishing the target in the desired attitude of flight.

O 03 U Wi =oO

L3

The cartridge .in the launcher breech serves the purpose of launching or
jettisoning the target. The jettison differs from the launch only in that the tar-
get is not activated for propulsion and guidance.

All factors (weight, drag, aerodynamic effects) imposed by the tai‘get—and—
launcher installation were less severe than those imposed by a 300-gallon fuel &
tank which is already qualified for the A-4B aircraft at the centerline station.

Six Navy pilots were involved in the test flights of the aircraft/launcher/tar-
get combination under consideration. Therefore considerable verbal evidence is
at hand concerning the handling and performance characteristics of the aircraft
carrying the launcher and target. When the target was launched, the pilot felt
what he described as a slight "thump' in the aircraft. However, this effected no
change whatsoever in the stability of the A-4B aircraft,
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CONCLUSIONS
It is concluded that:

1. After the removal of the T-249 control panel and the Aero 7A ejector rack
assembly, and the installation of the Beech-designed release console and
the LAU-24/A launcher with the "universal" relay box and adapter harness,
the Fleet-configured A-4B aircraft, with T-system wiring and power supply,
is acceptable as a launch aircraft for the AQM-37A target within the sub-
sonic flight regime at altitudes between 30,000 and 40, 000 feet.

2. Based upon the evidence from the tests just discussed, no factor exists
which could in any way result in a threat to the safety of flight of either the
AQM-37A target or the A-4B launch aircrait.

3. An A-4B aircraft can be converted to launch AQM-37A targets in 1 hour and
can be reconverted to its normal flight configuration in an equal amount of
time,
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